We provide a simple solution to the µ/B µ problem in the gauge-mediated Next-toMinimal Supersymmetric Standard Model. In this model the messenger sector contains one pair of 3 +3 and one pair of 2 +2 messengers. These two messenger pairs couple to different gauge singlets in the hidden sector in which supersymmetry (SUSY) is broken. Such a gauge-mediation structure can naturally arise in many backgrounds. Because of the two effective SUSY breaking scales
in the messenger sector, the renormalization group evolutions of the soft SUSY breaking parameters can be properly modified, leading to a negative enough singlet soft mass square m 2 N (Λ EW ) and hence reasonable µ/B µ values. In most of the perturbative (up to the GUT scale) parameter region, as a result, the electroweak scale is stabilized and phenomenologically interesting mass spectra of particles and superparticles are obtained. In addition, this model favors large values of tan β: 5 ∼ 50 and a heavy scalar spectrum. With the relatively large tan β, the light U (1) R pseudoscalar (mainly appearing in the low-scale gauge-mediated SUSY breaking models) becomes extremely singlet-like, and is no longer a problem in this model. These features apply to all cases of low-, intermediate-and high-scale gauge-mediated SUSY breaking.
Introduction
The Standard Model (SM) provides an excellent description of all particle physics interactions, excluding gravity. The excellent agreement of the SM predictions with the measured precision electroweak (EW) physics observables would be recovered in any extension of the SM in which the new physics decouples fast from physics at the weak scale. Supersymmetry (SUSY) is an example of such an extension. Supersymmetric particles receive contribution to their masses through gauge invariant operators which are independent of the Higgs mechanism, and their effects decouple fast as these masses are increased. Since these contributions to the slepton and squark masses are not necessarily alligned in flavor space with the lepton and quark masses, new flavor violating contributions become significant, leading to a potential conflict with flavor physics observables.
In gauge mediated SUSY breaking models, SUSY breaking masses are flavor independent at the messenger scale, leading to flavor violating effects that are still controlled by the Cabbibo-Kobayashi-Maskawa (CKM) matrix elements, enabling the existence of superparticles with EW scale masses. Problems remain in the Higgs sector, however, related to the origin and natural relation between the Higgsino mass parameter µ and the Higgs mixing mass term B µ .
In the minimal supersymmetric standard model(MSSM), we need a term of the form
to give the Higgsinos a mass. If µ ≫ Λ EW , the Higgs scalars in the chiral superfields obtain a large mass term in the potential and the EW symmetry may not be broken. If µ ≪ Λ EW , the lightest chargino mass is lighter than m 2 W /M 2 with M 2 being the soft mass of bino and winos, and the experimental bounds can not be satisfied. Therefore we must have
However, it is hard to understand why the µ parameter is of this scale instead of the more fundamental Planck scale M P , considering that it is not related in any direct way to the SUSY breaking sector of the MSSM. Introducing a dynamical mechanism may help solve this so-called µ problem, but generally at the price of introducing some new problems, e.g., µ/B µ problem. The µ/B µ problem is related to the origin of the scalar soft SUSY breaking Higgs mixing mass term,
To stabilize the EW scale M EW , it is necessary to have
In the context of a dynamical generation of µ, however, it is difficult to generate a B µ satisfying this relation. This is particularly true for the case of low-scale gauge-mediated SUSY breaking.
So far, there are three main mechanisms to solve the µ/B µ problem. The first one is the Giudice-Masiero mechanism which is the first proposed to solve this problem in the context of gravity-mediated SUSY breaking [1] . Its basic idea is to assume an exact PecceiQuinn symmetry, forbidding the µ term in the supersymmetric limit, and then generate it and B µ dynamically according to the SUSY breaking effects of the same order. Explicitly, the authors of Ref. [1] introduce one set of higher-dimensional operators in the Kahler potential
here X is the SUSY breaking chiral spurion. Once the SUSY is broken, the effective µ and B µ parameters are generated as
Since
denotes the natural scale of the soft terms in the gravity-mediation case, the correct relationship
arises if c 1 ∼ c 2 ∼ O (1) . But this idea is hard to be translated to the gauge-mediation case. In the effective theory of gauge-mediation, the µ and B µ operators (similar to those in Eq.(5)) are generally induced at the same loop-level. Unlike the gravity-mediation case, the effective SUSY breaking scale
is no longer the natural scale of the soft terms, which necessarily leads to a modified relationship between µ and B µ
Here Λ M denotes the messenger scale (unlike the gravity-mediation, c 1 and c 2 now represent the product of coupling constants and possible loop factors). Recently, it was noticed [2] that the B µ operator in Eq. (5) is not protected by non-renormalization theorems of the hidden sector because X † X is not a holomorphic or anti-holomorphic operator of the hidden sector. The strong dynamics in the hidden sector therefore can efficiently suppress c 2 with respect to c 1 , in the renormalization group(RG) evolution above the SUSY breaking scale F X . However, due to the same effect, the characteristic mass spectrum of gauge mediation in the squark and slepton sectors is ruined in this model. It turns out that the physically allowed parameter region for this model is rather small [3] .
A second one is the dynamical relaxation mechanism [4] . Its basic idea is to generate µ and B µ according to the SUSY breaking effects of different orders. Explicitly, one can forbid the appearance of non-holomorphic operators and hence a B µ operator in the effective action of one-loop level. Then the operators from the higher-order corrections can be responsible of generating B µ of the correct size. Such an one-loop effective action has the general form [5] 
with D α being the supersymmetric covariant derivative and f , g, h being generic functions of SUSY breaking chiral spurion X. These one-loop effective operators can be induced by a proper construction of the superpotential in the messenger sector. The effective µ term then arise according to the second term [5] or the third one [4] which are characterized by a divergent logarithmic form of X † X in this mechanism. As for the B µ term, it will be generated at a higher order in perturbation theory. This mechanism is similar to that of the soft mass generation of squarks and sleptons. But, compared to the naturalness of the latter due to the absence of couplings between the squarks, sleptons and the messenger sector at tree level, the structure of the required superpotential for the former is typically nongeneric. Actually, a new dimensional parameter is introduced again in the superpotential of the messenger sector [4, 5] .
The third one is the light singlet mechanism which is also the focus of this paper. In this scenario, the µ term is forbidden by some discrete symmetries (e.g., in the Nextto-Minimal Supersymmetric Standard Model (NMSSM) and the nearly-Minimal Supersymmetric Standard Model (nMSSM)) or by some additional Abelian gauge symmetry (e.g., in the U(1)
′ -extended Minimal Supersymmetric Standard Model (UMSSM) [11] ). With the introduction of a singlet chiral superfield N in the observable sector which has the coupling
the effective µ and B µ parameters arise as
after the SUSY is broken. So, as long as the scalar N and its auxiliary field F N are stabilized at the soft SUSY breaking scale or EW scale, a correct relationship
can be achieved. But this mechanism faces serious problems: (1) to generate a proper v N , a negative enough soft mass square m 2 N (Λ EW ) is required, which turns out to be a rather difficult mission, persisting for any messenger scale [6, 7] ; (2) both the trilinear soft parameters |A λ (Λ EW )| and |A κ (Λ EW )| are generically small, compared to Λ EW (this is due to the fact that they are highly suppressed at the messenger scale while their RG evolutions down to the EW scale are mediated by small beta functions.). Since they are the only sources explicitly breaking the global U(1) R symmetry, their smallness necessarily leads to a light pseudoscalar which, unless is mainly a singlet, is ruled out by the current LEP bound [6] . One way to circumvent these difficulties is to make the N field couple to the messengers [8] (also see [9] ), or to extra light freedom degrees [6, 11] . Then a modified boundary value (at the messenger scale) or beta function of m 2 N may help solve this problem. But, it was realized recently that the experimental bounds on the Higgs mass can add severe constraints on the former class of models [10] . As for the latter, it is viable, except that the couplings generally need to be strong ∼ O(1) if only small number of the light freedom degrees exist [11] . In this paper, however, we will show that the problems in the light singlet mechanism are just some misguided images. In the context of a more general gauge-mediated NMSSM where the (minimal) messenger pairs 3 +3 and 2 +2 couple to different SUSY breaking chiral spurions in the hidden sector, there is no difficulty in generating a negative enough m 2 N (Λ EW ) in most of the perturbative (up to GUT scale) λ − κ parameter region. The EW scale is then stabilized, and phenomenologically interesting mass spectra of particles and superparticles are also obtained. As a general feature, squarks and sleptons become heavy, while there are light charginos and neutralinos, which are mostly an admixture of Higgsinos and singlinos. Such an interesting gauge-mediation structure can effectively arise in many general backgrounds.
In addition, there is no light U(1) R pseudoscalar problem in our model. For the intermediate-and high-scale gauge mediations, large |A λ (Λ EW )| comparable with Λ EW are typical, so the lightest Higgs pseudoscalar actually are not light. For the low-scale case, even though |A λ (Λ EW )| and |A κ (Λ EW )| are not always large, the lightest Higgs pseudoscalar is extremely singlet-like due to large tan β values, escaping the experimental constraints again. The light singlet mechanism therefore is naturally implemented, without introducing any complicated or special elements in the messenger sector. Our idea is proposed in section 2, and followed are the numerical results in section 3. The last section is our discussions and conclusions. Since different energy scales are involved for the parameters in this paper, we will specify them unless they can be understood according to the context.
A Simple Model to Solve µ/Bµ Problem

The NMSSM
As the simplest extension of the MSSM, the NMSSM has a superpotential for the Higgs superfields
where the µ term in the MSSM has been forbidden by a Z 3 discrete symmetry. The cubic term of N in the superpotential explicitly breaks the Peccei-Quinn symmetry
In the absence of the singlet cubic term the EW symmetry breaking would spontaneously break the Peccei-Quinn symmetry as well, and hence lead to a dangerous Peccei-Quinn Goldstone boson.
It is not hard to write down the tree-level neutral Higgs potential in the NMSSM, which consists of F -terms, D-terms, and soft SUSY-breaking terms
The Model
The NMSSM provides the simplest or most direct realization of the light singlet mechanism to solve the µ/B µ problem in gauge-mediated SUSY breaking models, where the µ/B µ parameters are effectively generated as
here
with
But it is also confronted by the common problems of all models of the light singlet mechanism. Let us rephrase these problems in the framework of the NMSSM. Consider the minimization conditions of the tree-level Higgs potential in the NMSSM [7] 
For the minimal gauge mediation, where the messenger sector is
with S = S + θ 2 F S being the SUSY breaking spurion field and (q + l) + (q +l) being (3 + 2) + (3 +2) messenger pairs. The lower mass bounds of sleptons or gluinos give a lower bound on the effective SUSY breaking scale
according to their RG evolutions. This lower bound immediately implies another lower bound on the beta function of m [7] . According to Eq. (20) , this is translated into a stringent bound on the effective µ parameter or v N for mildly large tan β [7] |µ| > ∼ 200GeV.
On the other hand, due to the third minimization condition Eq. In addition, because A λ and A κ are the only sources explicitly breaking the global U(1) R symmetry in the Higgs potential, their smallness necessarily leads to an almost massless pseudoscalar which is ruled out by the current LEP bound [6] . As a result, the µ/B µ problem is not solved in the NMSSM within the minimal gauge mediation scenario [7] .
In this paper, we present a new way to solve the µ/B µ problem within the NMSSM with gauge-mediated SUSY breaking. Actually, we only take a simple modification to the superpotential, Eq. (23), assuming the new one to be
here S q = S q + θ 2 F q and S l = S l + θ 2 F l are two SUSY breaking chiral spurions. In the following, we will use Λ q and Λ l to denote the effective SUSY breaking scales, i.e.,
As explained above, the difficulty in generating a very negative m 
2 ) (even though some other terms may have positive contributions to this beta function.). Due to these effects, the velocity for m 2 N to evolve to a negative value is increased, but that for m 2 Hu , is slowed down. It becomes possible now to get a large, negative m 2 N (Λ EW ), even if only a mild increase is made for η. In contrast to the "minimal gauge mediation", we will refer to this mechanism as "general gauge mediation" in the following.
With the superpotential of the messenger sector modified, the soft SUSY breaking masses are also different from those generated in the minimal gauge mediation case. These new soft masses at the messenger scale are found to be (see, for istance, Ref. [12] )
for gauginos, and
for squarks, sleptons and neutral Higgs bosons. C The superpotential of the general gauge mediation Eq (26) can naturally arise in many backgrounds. For example, in the case where the messenger pairs 3 +3 and 2 +2 are coupled to several SUSY breaking chiral spurions S i = S i + θ 2 F i (e.g., see [13] )
we can assume
Λ q and Λ l then effectively arise as
Here the sums over the index "i" and "j" are implicitly assumed. At last, it is necessary to point out that, with the one-loop corrections to the Higgs potential included, the constraint on the effective µ parameter given by (25) can be relaxed to some extent. As an illustration, let us consider the minimization conditions with the corrections from the stopst 1 andt 2 included
with i = 1, 2. Typically we have
if Λ MS ∼ m t is assumed, which leads to
for the soft masses m
the dominant effect of
in mediating µ 2 therefore is weaken by the one-loop corrections. It turns out that, for an effective µ = λv N as small as 100GeV, the EW scale can still be stabilized and phenomenologically interesting physics can still arise (See Tables  (1) - (8)). More results from the numerical analysis will be given in the next section.
Numerical Analysis
The general gauge mediation contains four unkown input parameters: the superpotential couplings λ(Λ EW ) and κ(Λ EW ), the messenger scale Λ M and the ratio of the two effective SUSY breaking scales η = Λ l /Λ q . All soft SUSY-breaking parameters at the EW scale can be obtained by solving the RG equations summarized in the Appendix A, with the boundary conditions at the messenger scale Λ M given by Eqs. (28)- (29). As for the Yukawa couplings h t and h b , even though we need to give them initial values while minimizing the Higgs potential, these values must be consistent with the masses of the top and bottom quarks or the output values of v d and v u 3 . So they are not true input parameters. The introduction of the new parameter η can lead to several different phases after EW symmetry breaking: (A) For fixed λ, κ and Λ M , if choose η ∼ 1, we recover the GFM phase discussed in [7] . As explained above, this phase does not generate correct physics consistent with the current experimental bounds [7] . (B) With a further increased η, a new kind of phase with v d = v N = 0 and v u = 0 may appear. Actually, this phase has been noticed in a different background [10] . (C) We will refer to the third kind of phase as "physical µ/B µ phase". As η increases, v N becomes large compared to
As a result, one can always find an η window characterized by v N ≫ v where the phenomenologically interesting physics can be generated. Such η windows will be our focus in this paper. Explicitly, we will study such physical η windows corresponding to different points in the parameter space expanded by the other three input parameters: λ, κ and Λ M . (D) If η keeps increasing, we will meet the last phase which is characterized by v N = 0 and 3 In the numerical work, we use the tree level relationship
where we have identified the running top-quark mass by applying the appropriate QCD corrections to the top quark pole mass, and the running mass of m b at the EW scale has been taken to be about 3 GeV.
. This is caused by large, negative m 2 N (Λ EW ). In this case, the RG evolution of m 2 Hu to negative values is highly suppressed by the negative m 2 N as well as the masses of the EW gauginos. The appearing of the multiple phases reflects the large freedom degree caught by the parameter η. In the following we will focus on the physics in the physical η windows.
Our numerical results are summarized in Tables(1) - (8) which correspond to three typical cases in the phase (C) discussed above: low-scale (Λ M ∼ 10 5 −10
11 GeV) and high-scale (Λ M ∼ 10 15 GeV) general gauge mediation 4 . We choose nine points on the λ(Λ EW ) − κ(Λ EW ) plane, and then study their physics in all of the three cases which in turn helps us figure out the related η windows. The numerical results show that to obtain consistency with current phenomenological bounds, relatively small values of η, η ∼ 2, are required in the low-scale general gauge mediation. This should be compared with values of η ∼ 4 for the intermediate-scale case and η ∼ 5 for the high-scale case.
This can be simply understood in the following way. As the path length of the RG evolutions increases (due to the increase of Λ M ), m Actually, the present experimental bounds lead to a more complicated than the simple picture presented above. In this model, the main constraints are from the lightest chargino mass or the lightest CP -even Higgs mass, depending on the messenger scale Λ M . For M 2 (Λ EW ) ≫ µ > m W (as typically happens in this model), the lightest chargino mass is given by
As for the lightest CP -even Higgs, it is typically H u -like (because of the small mixing due to a not large A λ (Λ EW ) soft term). Its mass square at the tree level is known to be typically less than m 2 Z , so the one-loop corrections need to be included to escape the experimental bound. In all the models we analyzed, the would be MSSM CP -odd Higgs boson becomes very heavy and the lightest CP -even Higgs mass is affected by a potentially large mixing with the CP -even singlet state. As we will discuss below, tan β also becomes large in these models. The resulting formula for the one-loop corrected Higgs mass in the limit v N ≫ v and large tan β, and ignoring effects proportional to the relatively small stop mixing parameter is given by
being a one loop correction factor. Observe that we have omitted the positive tree-level term proportional to λ 2 sin 2 2β, which becomes unimportant for large values of tan β, and we have included the more important contribution coming from the mixing with the singlet state, that in the limit we are working becomes independent of the mass parameters of the theory. This occurs since the singlet CP -even state acquires a mass about 4κ 2 v 2 N and its mixing matrix element with the lightest MSSM CP -even Higgs state is approximately equal to 2λ 2 v N v in this limit. Note also that within this approximation, the O(m 4 t ) loop correction is independent of the renormalization scale Λ MS , and is determined by the geometric average of the two stop mass squares.
For the low-scale general gauge mediation, the RG evolution paths of the stop soft masses m . In these two cases (also see points A1, A5, A8 and A9 in the low-scale case), therefore, the main constraint on the model comes from the lightest CP -even Higgs mass which currently is bounded by 114.4 GeV [16] . It is easy to see according to Eq.(42) that a small λ and a large κ is helpful in obtaining a large h 1 mass. Let us stress that in the numerical calculations of this paper, only the dominant one-loop corrections to the Higgs effective potential have been included. One should worry about the latent negative effects on the Higgs masses from the higher-loop corrections which may shift down the mass of the lightest CP -even Higgs by several GeVs, similar to what happens in the MSSM (e.g., see [17] ). These negative effects may push the lightest CP -even Higgs boson to values below the current experimental bound. This can be compensated, within our model, by a slight shift in η and a corresponding shift upwards of the superparticle masses.
The general gauge mediation model discussed in the present work favors heavy scalars and gauginos, as well as large values of tan β: 5 ∼ 50. The heaviness of the scalars and gauginos of the theory is a reflection of the large values of the effective SUSY breaking scales Λ q,l necessary to fulfill the Higgs and/or chargino mass constraints. The preference for large values of tan β can be easily understood by analyzing the minimization conditions. First of all, B µ is relatively small because the boundary value of the soft parameter A λ at the messenger scale is highly suppressed in our model. Then, since the term m 34) is typically larger than the other terms in Eq.(34) (see Table( A large tan β is welcomed in phenomenology, due to its role in explaining the mass hierarchy of top and bottom quarks or realizing the unification of their Yukawa couplings (e.g., see [18] ). In our model, relatively large values of tan β bring us more than that, since it helps in avoiding an unacceptably light chargino: in the mass formula of the lightest chargino Eq.(41), the corrections at the order O(
which is suppressed by a large tan β. Moreover, a relatively large tan β plays a crucial role in the solution of the light U(1) R peudoscalar problem.
As first pointed out in [6] , small |A λ (Λ EW )| and |A κ (Λ EW )| (compared to Λ EW ) induce the presence of a light pseudoscalar. In this limit, the mass of the lightest CP -odd Higgs boson is approximately given by (e.g., see [19] ):
where
with A M SSM and A N being the doublet and singlet CP -odd gauge eigenstates, respectively, and 0 ≤ θ A ≤ π 2 being their mixing angle. Depending on its composition, a light pseudoscalar may be in conflict with the strong LEP bounds. As extensively discussed in the literature, this light pseudoscalar should be understood as the Nambu-Goldstone boson of the global U(1) R symmetry, since A λ (Λ EW ) and A κ (Λ EW ) represent the only two terms explicitly violating this symmetry. However, from Table (1)- (8), it is easy to see that there is no such a problem in our model: for the intermediate-and high-scale gauge-mediations, |A λ (Λ EW )| is typically large, compared to Λ EW ; for the low-scale case, even though |A λ (Λ EW )| and |A κ (Λ EW )| are small (except point A8), the light pseudoscalar is extremely singlet-like (see Table( 7)), escaping the experimental constraints successfully.
These features are due to η and the relatively large tan β again. Consider the strongly coupled RG evolutions of A t , A b and A λ (see RG equations (A.12), (A.13) and (A.15)). At the messenger scale we have
∼ 0 in our model. A larger η implies more negative contributions to the beta functions according to the EW gaugino soft masses, and less negative contributions according to the gluino soft mass. Since the latter is absent in the beta function of A λ , but contributing to those of A t and A b , a large η necessarily leads to a larger A λ (Λ EW ), as long as the evolution pathes are long enough. This explains the relatively large A λ (Λ EW ) and large U(1) R peudoscalar masses in the contexts of the intermediate-and high-scale general gauge mediations. Unlike these two cases, the U(1) R peudoscalar is still light in the low-scale case (except point A8) due to the short RG evolution path for A λ . A relatively large tan β plays a crucial role in avoiding the experimental bound here. As shown in [19] , the mixing angle θ A of the U(1) R pseudoscalar a 1 satisfies
under the limit of small A λ (Λ EW ) and A κ (Λ EW ). Obviously, a relatively large tan β implies
and hence an extremely singlet-like U(1) R pseudoscalar a 1 (see Table(7) ). This is also true for the few examples in the intermediate-scale general gauge mediation (points B1, B2 and B3 in Table (7)). The light U(1) R pseudoscalar problem, therefore, is no longer a problem in our model. To end this section, let us take a look at the possible range of λ and κ at the EW scale in the NMSSM. The most serious constraint is from the requirement of λ and κ to be perturbative up to the GUT scale. For the case where the gauge couplings are the only possible tree-level interactions between the observable and messenger sectors, the boundary between the perturbative and non-perturbative regions has been drawn in Fig.(1) , with h t (Λ EW ) = 0.95, h b (Λ EW ) = 0.5 and Λ M = 10 11 GeV. From the figure, it is easy to see that both large λ(Λ EW ) and large κ(Λ EW ) regions have been excluded, and the only allowed region is located in the lower-left corner of the λ(Λ EW )−κ(Λ EW ) plane. The boundary in the figure depends on the Yukawa couplings as well as the messenger scale. But this dependence is very weak: there is only a mild shift as these parameters vary in the region in which we are interested. The stars on the λ(Λ EW ) − κ(Λ EW ) plane denote the sample points we are studying in this paper. It is easy to see that these points cover almost the whole perturbative region on the λ(Λ EW ) − κ(Λ EW ) plane. In particular, all of them lead to reasonable particle mass spectra which satisfy the current experimental bounds 5 . Therefore, the µ/B µ problem is solved in the context of the general gauge mediated SUSY breaking model analyzed in this work.
Collider Signals
Although a detailed analysis of the collider signatures of these models is beyond the scope of this article, we would like to stress some relevant properties of these models and their associated phenomenology.
For the low scale gauge mediation, all colored particles are very heavy and therefore very difficult to detect at hadron colliders. One promising way to test these models is by analyzing the production and two-body decay of the next-to-lightest superparticle (NLSP) to gravitino (G α ) which is described by
Here √ F is the SUSY breaking scale, and j µ α is the supercurrent. In our model, the NLSP generally is the lightest neutralino which is typically Higgsino-like, and in most cases whose mixing with singlino is suppressed (see Table( 8) for the case with low-scale gauge mediation). So the most important experimental signature would be the di-Z and di-h 1 productions (if allowed by phase space)
here X is any collection of leptons and jets, and E denotes the missing energy. Explicitly, under the Higgsino-like limit (with the mixing with the singlino suppressed), the decay rates to Z-boson and h 1 are given by [20] Γ(χ 
GeV and a few 10 6 GeV, which implies non-prompt di-boson decays [21] . This is important since the background for any of the final state signatures can be greatly reduced (due to the displaced vertices and distinguished angular distribution of the displaced jets from Z or h 1 decays) if the χ 0 L decay is non-prompt but contained in the tracking region. It is also important to stress that in the low scale gauge mediated scenario, the Higgs decays may be affected by the presence of the light pseudoscalars, a 1 . Although the lightest pseudoscalar is mostly a singlet state (see Table 7 ), it will decay into bottom quark and τ pairs through its mixing with the pseudoscalar component of the Higgs doublet H d . Therefore, the Higgs decay into two a 1 states will induce decays into either four bottom quarks, two bottom quark and two τ 's, or four τ 's final states. The final signatures of the di-h 1 channel in 52, necessarily, will also be affected. In all the scenarios we presented, the lightest CP-even Higgs is sufficiently heavy as to evade the stringent LEP constraints on a light CP-even Higgs decaying into four bottom quark final states [28] . The presence of these new decay channels will demand new strategies for the search for CP-even Higgs bosons at the Tevatron and the LHC, as has been recently analyzed in Refs. [29] .
The gravitino collider signals are seriously suppressed for intermediate-and highscale gauge mediations, since the neutralino lifetime will be enhanced by the factor F 2 and therefore it will decay beyond the detector. Moreover, whenever light, the charged and neutral Higgsinos would be approximately degenerate in mass and therefore difficult to detect by direct production at hadron colliders. However, colored particles become lighter and therefore they provide the most important search channels at the LHC. In the high-scale case, the gluino mass mg is typically around 1.5 TeV or even smaller, implying an abundant production of gluinos at LHC, according to the gluino (g) pair production pp →gg.
Meanwhile, given that the lightest stopt 1 is mainly right-handed and much lighter than gluino in this case, one could expect to see the signatures at LHC according to the decaying channelsg
Therefore, the final state will be given by four top quarks or two top and two bottom quarks with large missing energy. An analysis of similar gluino decay channels at the LHC has been performed in Ref. [30] . Even though we typically have m χ 0 1 < mt 1 in the high-scale scenario, C9 point is an exception, wheret 1 is lighter than χ 0 1 andτ 1 . The light stopt 1 is long-lived because its two-body decay to gravitinot
even if kinematically allowed, is also suppressed by a F −2 factor. In such a case, the stop may have interesting implications on both cosmology and collider signatures. For more details, readers may refer to [31] .
As for the intermediate-scale scenario, even though an abundant production of gluinos at LHC is also expected for many cases, the mass of the lightest stop is typically larger than that of gluinos. Whenever the gluino mass is within kinematic reach of the LHC, they will decay only through off-shell squarks
Since the neutralinos and charginos appearing in the intermediate states have multiple decay modes, there will be many competing gluino decay chains whose branching ratios are quite sensitive to the parameters of this model. Interested readers may refer to [32] and its references.
Discussions and Conclusions
The general gauge mediation provides a simple way to solve the µ/B µ problem in the NMSSM. In this context, reasonable values for µ/B µ can be generated by properly modifying the RG evolutions of m 2 Hu and m 2 N by a choice of η window. The EW scale is then stabilized, and phenomenologically interesting spectra of particles and superparticles are also achieved. These features apply to most of the perturbative (up to the GUT scale) λ − κ parameter region in the NMSSM and to all phenomenologically interesting messenger scales. In addition, there is no light U(1) R pseudoscalar problem in our model. For the intermediate-and high-scale gauge-mediations, due to a relatively heavy spectrum of gauginos, large |A λ (Λ EW )| or |A κ (Λ EW )|, comparable with Λ EW are typical, so the lightest Higgs pseudoscalar is not too light. For the low-scale case, even though |A λ (Λ EW )| and |A κ (Λ EW )| are not always large, the lightest Higgs pseudoscalar is extremely singlet-like due to a relatively large tan β favored by our model, escaping the experimental constraints on a light Higgs boson.
It is worth emphasizing that the introduction of the parameter η does not affect the successful prediction of the gauge coupling unification at the GUT scale. Recall the threshhold corrections to the gauge coupling unification due to the little hierarchy between the EW scale and the soft SUSY breaking scale, where Λ sof t Λ EW ∼ 10 and many charged particle species are involved. In the general gauge mediation scenario described in this article, the correction to the prediction of α 3 (M Z ) induced by the messenger threshold corrections may be estimated by
On the other hand, the introduction of η also modifies the sparticle threshold corrections, which are approximately given by [22] 
One could compute the difference in the prediction of α 3 (M Z ) with respect to the case η = 1. Let us consider two cases. In the first one, the ratio of effective SUSY breaking scales Λ l /Λ q ∼ F l / F q ≃ η, and therefore S q / S l ∼ 1. In such a case,
Alternatively, one can consider F q ∼ F l and therefore S q / S l ≃ η. In this case,
In both cases, the total correction is negative, leading, for η ≃ 2-6 to a somewhat better agreement between the predicted and measured values of α 3 (M Z ) than in the η = 1 case 6 . One interesting feature on this model is the arising of one physical CP -phase according to the gaugino soft masses. In the NMSSM with general gauge mediation, there are four independent complex parameters: λ, κ, and two of the soft gaugino masses M 1 , M 2 and M 3 . Among them, the phase of λ is not physical and can be resolved by the CKM matrix. In addition, κ and gaugino soft mass are not invariant under the Peccei-Quinn symmetry and U(1) R symmetry, respectively. The phase of κ and one phase in the gaugino mass sector hence can be rotated away. So there is one physical phase left in the soft mass sector of gauginos. On the other hand, it is well-known that the CKM phase is not enough and extra CP -violating sources are required to explain the origin of the baryon asymmetry in the Universe today. The physical CP phase appearing in our model may provide a nice chance to understand this cosmic mystery. For example, in the EW baryogenesis mechanism (see [23] for a review or [24] for its realization in different supersymmetric models), such a phase may induce a net amount of left-chiral weak fermions during the EW phase transition, which is then switched to the baryon asymmetry in the Universe according to the EW sphaleron effect. But, the same as the CP phases appearing in any other supersymmetric models, the physical CP -phase in our model also needs to satisfy the EDM bounds of electron, neutron and mercury atoms. Since the masses of the first two family squarks in our model are typically heavier than 2−3 TeV, it might be viable to suppress its one-loop contributions to the EDMs according to the heavy squark mechanism [25] . In addition, it is claimed recently [26] that in a context similar to ours, a large CP -phase of order O(1) can be consistent with all EDM bounds according to some cancellation effects, with no necessity to require the squarks of the first two families to be heavy.
It is interesting to ask why the situation is so different between the class of models [8, 10] and our model, since both of them have a total of four free input parameters, with one messenger coupling in the former case replaced by the parameter η in our model. To great extent this is due to the different ways in which the negative soft mass square m 2 N (Λ EW ) is generated. In the former case, the authors try to generate a negative m 2 N (Λ EW ) directly according to the boundary conditions at the messenger scale. They let the singlet N directly couple to the messengers. Then, the contribution of this coupling to m Hu induces the EW symmetry breaking. In addition, unlike the former case, the trilinear soft parameters A λ and A κ are highly suppressed at the messenger scale, which leads to a relatively large tan β at the EW scale. This relatively large tan β not only helps lift the mass of the lightest chargino, but more importantly, help solve the light U(1) R pseudoscalar problem by suppressing its mixing with the SM-like CP -odd Higgs components.
The general gauge mediation is natural because of its simplicity and universality. It is very simple, only requiring minimal messenger spectrum in the messenger sector and with no additional symmetry or new dimensional parameters introduced. Most importantly, it can naturally arise from a general hidden sector, as pointed out in subsection 2.2. Since the construction of this model is independent of the visible sector, its idea can also be extended to many other contexts without much difficulty, e.g., the nMSSM and the UMSSM, or even help the class of models in [8, 10] obtain more reasonable physical results. Due to the similar structures of the related beta functions, we believe that similar effects could be seen in these extensions. We will leave these interesting issues to future exploration.
II. The sector of soft A-term couplings
Here A i are the soft SUSY-breaking A-term couplings. M i (i=1,2,3) are the soft SUSYbreaking gaugino masses which evolve as
at one-loop level in our model.
III. The sector of soft SUSY-breaking masses
Here all soft SUSY-breaking masses are taken to be diagonal. Note, in all of the three sectors, only the effect of the third generation Yukawa couplings, i.e., h t , h b and h τ are considered.
Appendix B Numerical Results
In this section, we list the numerical results in the cases of low- (Table(1) - (2)), intermediate- (Table( 3)-(4)), and high-scale (Table(5) - (6)) general gauge mediations. The composition of the light U(1) R pseudoscalar is given in Table(7) , and the composition of the lightest neutralino or the NLSP in the low-scale case is given in Table(8) . Output Parameters Pts Table 7 : Composition of light Higgs bosons (≤ 115GeV). Here "Re" and "Im" denote the real and imaginary components of the neutral Higgs fields, respectively. All light Higgs bosons appearing in this paper are CP -odd, related to the explicitly breaking of the global U(1) R symmetry. However, all of them can satisfy the current experimental bounds since they are extremely singlet-like. > 0.9999995 Table 8 : Composition of the lightest neutralino or the NLSP in the low-scale general gauge mediation. 
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